Objective: To evaluate the peak inspiratory pressure and ventilation rate achieved by physicians when using a neonatal self-inflating bag on a lung model.
Introduction
The most commonly used device for manual mechanical ventilation is the self-inflating bag. 1 It is used to treat newborn infants in the delivery room, for respiratory resuscitation during cardiorespiratory arrest, in emergency units, intensive care units (ICU), in the operating theatre, while transporting patients with respiratory failure and in respiratory physiotherapy.
When ventilating full term newborn infants in the delivery room, it is recommended that a respiratory rate (RR) of 30 to 60 cycles per minute be employed. 2 Ventilation with neonatal self-inflating bag Resende JG et al. in the course manual 3 is that peak inspiratory pressure (PIP) for newborn infants should be close to 30 cmH 2 Studies have shown that, when using bags, variations can occur in the tidal volume (VT) and PIP produced during each pulmonary inflation. These variations depend upon the size of the bag, on the existence or absence of a pressure-release valve and the performance of the valve if fitted, the size of the operators hands, the use of one or two hands, the time the operator takes while applying pressure to the bag and on the characteristics of the mask being used and whether or not it is well-fitted to the patients face. 5, 6 Mondolfi et al. 7 observed major variation in the tidal volume, pressure and minute volume achieved by health professionals at a pediatric emergency unit. Hird et al. 8 found that, even when newborn infants had normal thoracic expansion, pressures varied from 14 to 30 cmH 2 O and did not correlate with either weight or gestational age.
Studies have demonstrated that just a few breaths with excessive pressure or VT are enough to injure developing lungs. 9, 10 Nowadays there are several different types of device available for manual neonatal ventilation, and the majority of self-inflating bags do not employ manometers. 11 When a manual ventilation device does not allow pressure to be predefined, it is usual to control ventilation pressure by evaluating expansion of the thoracic chamber and resistance to expansion, felt by the operators hands. 12 In practice, the operator is not always afforded a continuous view of the chest. During these moments there is a mechanical resource available to assess pulmonary expansion, in the form of tactile perception of resistance to inflation. Both evaluationsthoracic expansion and tactile sense are subjective. Physicians do not tend to monitor pressures during manual ventilation and employ subjective data to adjust the force used to compress the reservoir of the selfinflating bag. This is why it is important to evaluate whether these perceptions are sufficient to guide them in adjusting the pressures applied under conditions similar to resuscitation, by means of studying the results during a procedure similar to resuscitation. Since, in the same manner, there are no means by which the ventilation rate to be used during resuscitation can be predefined, the rate achieved should also be measured.
The objective of the present study was to evaluate the peak inspiratory pressure and ventilation rate achieved by physicians using a neonatal self-inflating bag on a neonatal lung model.
Methods
This is a descriptive and analytical experimental study, employing models analogous to lungs, constructed especially for this research, together with a ventilation monitor and a computer (Figure 1 ).
Thirty-five experienced physicians, currently working at a neonatal ICU and practiced in neonatal resuscitation, were invited to take part. Fifteen of them were then selected at random using a random number table.
Neonatologists were defined as experienced if they were Ventilation rate was slower than 30 cycles per minute in 9.3% of curves for the full term and 6.7% for the preterm models, while passing 60 cycles per minute in 12% of cases for the full term and 13.3% for the preterm lungs (Table 1) 
Discussion
Despite the fact that they were ventilating a test-lung with dynamic complacency (CDyn) similar to that of the respiratory systems of full term or preterm infants, the physicians were unable to maintain ventilation pressure at around 30 cmH 2 O as recommended by international protocols.
The pressure variation is similar to that observed by Mondolfi et al., 7 who observed variation of from 5 to 73 cmH 2 O. In the current study, the levels observed were not those that are desirable when performing mechanical ventilation. It is reasonable to expect that in real situations these parameters could provoke ventilatory and circulatory suggesting that these valves cannot be relied upon.
Hussey et al. 13 observed maximum PIP of up to 75.9 cmH 2 O and Finer et al. 14 have also confirmed this variability.
In relation to RR, the physicians produced large variations ( Figure 3 ), but achieving rates that were still within what is recommended by the protocols cited earlier; 2,3 suggesting these objectives are easier to achieve.
This study has certain limitations that should be considered. For example, it could be argued that physicians rely more on observations of the level of thoracic expansion to assess adequate lung inflation . Nevertheless, there is also evidence, in work by Baskett et al., 15 that this parameter is not entirely reliable: the VT indicated as adequate when thoracic expansion was used was well below that recommended by the American Heart Association for adult patients. Notwithstanding, what we wished to evaluate with our experiment was the perception that these physicians had using their hands, and what we found was great variation. Of the 15 physicians assessed, 93%
had been trained on resuscitation courses, and none of them felt under confident with performing resuscitation utilizing a self-inflating bag. Sixty-seven percent of the physicians evaluated said they habitually used a selfinflating bag, which is the same as saying that five of them We conclude that pulmonary ventilation using a selfinflating bag enabled the physicians to achieve adequate RR in approximately 80% of cases, both for the full term test lung and the preterm test lung. Nevertheless it did not allow them to produce the required minimal variability in pressure, producing levels different from those defined on the neonatal resuscitation course in 70% of cases, irrespective of whether they were ventilating a test lung analogous to the fullterm or to the preterm newborn respiratory system.
Acknowledgements
The authors would like to thank Hercilia Maria Nogueira de Resende and Patrícia Carvalho Baião Câmara for proofreading the texts. 
